The complexity of the roles of Toll-like receptors (TLRs) is attributable to their ability to promote or suppress autoimmune diseases. Recent studies have demonstrated that B cells regulate autoimmune diseases, including multiple sclerosis (MS), by producing interleukin (IL)-10. By using CpG DNA as a TLR9 agonist, we investigated the immunoregulatory functions of B cell via TLR9 in MS. Our results indicate that TLR9-mediated IL-10 production by B cells was significantly decreased in MS, and this decrease is likely due to decreased TLR9 expression in memory B cells, suggesting a role of TLR9 in immunoregulation in MS.
Introduction
Multiple sclerosis (MS) is an inflammatory, demyelinating disease that affects the central nervous system (CNS). Autoimmunity plays a major role in susceptibility to and development of MS. It has been demonstrated that bacterial or viral infections can trigger MS onset and/ or relapse via molecular mimicry (Zhang et al., 2008) and induction of Toll-like receptor (TLR) signaling (Iwasaki and Medzhitov, 2004) . The innate immune response, which is the first-line of defense against microbial pathogens, was recently found to participate via TLR signaling in the regulation of the antigen-specific adaptive immune response during MS pathogenesis (Boonstra et al., 2006) . Studying the direct immunoregulatory functions of TLR-signaling pathways will potentially establish the validity of the long-held notion that bacterial and viral infections protect against the subsequent development of autoimmune diseases (Lehmann and Ben-Nun, 2002) . This "hygiene hypothesis" offers an explanation for the high prevalence of autoimmune diseases, including MS (Bach, 2002) .
TLRs are a class of germline-encoded receptors that can be activated by pathogen-associated molecular patterns (PAMPs). These receptors are essential for the generation of adaptive immune responses against a wide variety of microbial and nonmicrobial components (Iwasaki and Medzhitov, 2004; Takeda et al., 2003) . In humans, 10 TLRs and their corresponding agonists have been described. TLR9 was identified in B cells and plasmacytoid dendritic cells (DCs), and unmethylated CpG DNA was identified as a TLR9 agonist.
The complexity of TLR roles in the pathogenesis of autoimmune diseases is attributable to their ability to promote or suppress autoimmune diseases. Prinz et al. (2006) demonstrated that mice deficient in MyD88, an adaptor protein for all TLRs except TLR3, are resistant to experimental autoimmune encephalomyelitis (EAE) induced by a peptide derived from myelin oligodendrocyte glycoprotein (MOG), and that TLR9 mediates pathogenesis in this model. On the other hand, Marta et al. (2008) demonstrated that TLR4-and TLR9-deficient mice exhibit more severe EAE symptoms than those observed in wildtype mice, and that TLR4 and TLR9 have regulatory roles in EAE.
B cells express TLR9 intracellularly, produce antibodies, and contribute to pathogenesis during acquired immune responses by producing autoantibodies, leading to autoimmunity. B cells also contribute to immune responses by functioning as antigen-presenting cells and by secreting cytokines. In addition to these potentially pathogenic roles, experimental evidence indicates that regulatory B cells develop in different murine autoimmunity models and suppress the progression of immune-mediated diseases. Detailed studies of the underlying mechanisms revealed that B cells regulate EAE by producing IL-10 (Fillatreau et al., 2002) , while B cells from MS patients produce low levels of IL-10 (Duddy et al., 2007) . It is conceivable that multiple activation pathways, Journal of Neuroimmunology 221 (2010) [95] [96] [97] [98] [99] [100] 
